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CEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE
NATIONAL INSTITUTES OF HEALTH

RECOMBINANT DNA MOLECULE PROGRAM ADVISORY COMMITTEE

MINUTES OF MEETING
"~ JANUARY 15-16, 1977

The Recambinant DNA Molecule Program Advisory Committee was convened for

its seventh meeting at 9 a.m. on January 15, 1977 in the Courier-Emissary
Room, Tower 1, Sheraton-Four Ambassadors Hotel, Miami, Florida. Dr. DeWitt
Stetten, Jr., (Chairman) Deputy Director for Science, and Dr. Leon Jacobs,
(Vice Chairman) Associate Director for Collaborative Research, NIH, presided.
In accordance with Public Law 92-463 the meeting was open to the public.

Committee members present were:
Drs. Edward A. Adelberg; Roy Curtiss, III; James E. Darnell, Jr.; Peter Day;
Donald Helinski; David S. Hogness; Elizabeth M. Kutter; John W. Littlefield;
Emmette S. Redford; Wallace P. Rowe; Jane K. Setlow; John Spizizen; Waclaw

Szybalski; LeRoy Walters; and William J. Gartland, Jr., Executive Secretary.

A Committee roster is attached. (Attachment I)

The following ad hoc consultant to the Committee was present:

Dr. Susan Gottesman, National Cancer Institute, NIH,

The following liaison representatives were present:

Dr. John F. Fulkerson, U.S. Department of Agriculture

Dr. Herman Lewis, National Science Foundation

Other National Institutes of Health staff present were:

Dr. Emmett Barkley, NCI; Dr. Peter Condliff, Fogarty International Center;

Dr. Daphne Kamely, NIGMS; Dr. John Nutter, NIAID; Dr. Bernard Talbot, OD;
and Dr. Rudolf Wanner, DRS.



Others in attendance for all or part of the meeting were:

Dr. Frederick Blattner, University of Wisconsin: !)-. Harvey Faber,
University of Wisconsin; Dr. Robert M, Faust, U.S5. Department of Agri-
culture; Dr. Rae Goodell, Massachusetts Institute of Technology;

Dr. James McCullough, Congressional Research Services, Library of Congress;
Dr. Lois Miller, University of Idaho; Dr. N.K. Notani, B.A.R.C., India;

Dr. Winston Salser, University of California, Los Angeles; Dr. V. Sqgaramella,
World Health Organization; Dr. Oliver Smithies, University of Wisconsin;

Dr. John Tooze, European Molecular Biology Organization, Germany;

Dr. Charles Weiner, Massachusetts Institute of Technology; and Dr. W. J.
Whelan, University of Miami.

I. Call to Order and Introductory Remarks

Dr. Stetten called the meeting to order at 9 a.m. He sumsarized the
status of the deliberations of the Interagency Committee on Recombinant
DNA Research which is to make recommendations on procedures for regulation
of the production and use of recombinant INA molecules both for the
Federal and private sectors. This committee already has reached the
conclusion that existing regulations are not entirely appropriate.

I1. Minutes of September 1976 Meeting

The Committee unanimously voted to accept the Minutes of the September 13-14,
1976, meeting as written with the following amendments:

. Page 9, 2nd. paragraph, 3rd sentence and 3rd paragraph, 4th sentence -
"There was one abstention" is changed to read "Dr. Curtiss abstained."

Page 10, 2nd complete paragraph, 6th sentence - The word "encouraged"
in this sentence is changed to "required.

III. Contracts for Safer Host-Vector Systems

Dr. John Nutter summarized the current status of contract programs of the
National Institute of Allergy and Infectious Diseases (NIAID) for the produc-
tion and testing of safer host-vector systems for the conduct of recombinant
DA experiments. The first contract awards were made in April, 1976.
Currently, there are five contracts for the construction of EK2 systems.
There have been two meetings of the contractors. As recommended by the
Comnittee, the Research Resources Branch, NIAID will distribute certified EK2
systems.



Dr. Nutter stated that EK2 systems produced under the contract program will

be tested for raising to the ER3 level of biological containment. This
involves independent confirmation of the genotypic and phenotypic properties
of the systems, and envirommental testing. Dr. Nutter raised the issue of how
EK2 systems constructed independently of the contract program would be tested
for EX3 properties. He also pointed out that standards for EK3 testing need
to be adopted. Dr. Adelberg pointed out that there are differences in ER2
systems, and that only the best of the EK2 systems should be tested for EK3
properties. The Comiittee unanimously passed a motion that separate sub-
committees should be established for phage and plasmid host-vector systems.
These subcommittees would review data and make recommendations to the full
committee on EK2 systems, and would advise on which EK2 systems should be
tested for EK3 properties without regard to whether the EK2 systems were
constructed under the contract program. Not all ER2 systems should be tested
for EK3 properties. The Committee recommended that the two subcommittees
should keep in close contact with one another. Dr. Stetten stated his assump~
tion that, if an EK2 system fails to meet EK3 criteria, it will revert to EK1
status.

IV. Provision of P4 Physical Containment

There was a lengthy discussion on the provision of P4 physical containment.
At the September, 1976 meeting the Committee recommended that a national P4
facility should be established. The National Institute of Allergy and
Infectious Diseases was designated as the lead NIH component for establishment
and operation of such a facility. This facility would serve a number of
functions, including use by visiting investigators, conduct of risk assessment
experiments, training in the use of P3 and P4 containment procedures and
facilities, and possibly as the site of a mammalian clone bank. Dr. Nutter
discussed alternative proposals for P4 containment, such as use of a fleet
of mobile laboratories or an array of regional laboratories. He explained
that on the basis of six selection criteria a decision was reached to establish
a single national facility at the Frederick Cancer Research Center (FCRC).
At the September, 1976 meeting, Building 567 at FCRC had been described to
_the Committee. Since that time more appropriate facilities at FCRC have
. been indentified (Buildings 467-469). The latter facilities will be able
to accammodate 4 to 6 investigators and will permit complete separation
of the P3 and P4 laboratories. It will take two years to make these buildings
operational. (This also is the revised time~frame for making operational
the previously discussed Building 567.) An NIH working group has recommended
that for the interim period P4 contaimment be provided by utilization cf
Building 550 at FCRC, a mobile high containment laboratory and the renovation
of two smali P4 modules on the NIH campus in Bethesda.

Dr. Hogness stated that the 10,000 square feet for P4 and 6,000 square feet
of P3 laboratory space in the new proposal is probably not required, and
that regional facilities make more sense. It was pointed out that multiple
facilities require multiple teams of trained staff which greatly increases



the cost. In response to a question, Dr. Nutter stated that of 58 investigators
who responded to an inquiry, 11 said that they need P4 containment now and 12
said that they will need it in the future. Drs. Darnell and Szybalski stated
that P4 containment as described in the Guidelines should be required only

for the handling of organisms known to be highly pathogenic, and that P4 for
recombinant DNA experiments should be redefined as a P3 laboratory with

special containment equipment such as Class III glove-boxes. Dr. Barkley

stated that if the hazards of the experiments of high potential risk materialize
and approach those of highly pathogenic organisms it would be a mistake to
change the definition of P4. Dr. Curtiss stated that, even if the containment
levels for certain classes of experiments change in the future, P4 containment
always will be required for certain classes of experiments. Dr. Redford pointed
out that a decision already has been made that certain classes of experiments
require P4 contaimment and that a P4 facility should be established. He said
that the discussion should center on the best way of providing P4 contairment.
Dr. Kutter stated that there are advantages in a single national facility

with a well-trained staff.

Dr. Barkley stated that physical containment standards developed over past
decades have been used for the recombinant DNA containment levels, and that

it would be a mistake to alter the definitions of physical contaimment in the
absence of bichazard assesament data. A biohazard assessment program can not
be carried out without P4 facilities. He said that the Committee ought to
recommend both the establishment of a P4 facility and a biohazard assessment
program. Dr. Barkley discussed possibilities for providing P4 containment

in Building 41 on the NIH campus. Some P4 containment could be made available
in 6-9 months, as an interim measure. Dr. Rowe agreed that P4 containment will
be needed for the interim period for risk assessment. studies. It was also
pointed out that there will be other needs for a P4 facility in the future,
such as the study of infectious disease agents, perhaps using recombinant

DNA technology.

The Committee voted on a motion to reaffirm its recommendation that as
expeditiously as possible a national facility should be established with P4

and P3 laboratories to provide space for visiting scientists, and to be
utilized for training and risk assessment studies as well as for basic research.
Ten members voted in favor of the motion, 4 voted against it.

The Committee unanimously voted on a motion that it is the sense of the
Committee that there is a serious need for risk assessment studies and that
the Director, NIH should do everything in his powers to provide facilities
and personnel to facilitate the onset of these studies.



V. Biological Containment

A. Report of Working Group on Safer Host~Phage Vector Systems

1. Standardized Tests for EK2 Certification

Dr. Szybalski presented a report on the December 13, 1976 meeting of the
phage Working Group (Attachment II). He reported that as its first item

of business the Working Group had revised and corrected its September 12,
1976, report. The revised report is attached (Attactment III).

Dr. Szybalski pointed out the changes and stated that parts I and II of
Attachment III should be published as a separate document in NARSM as an
operational guide for submission of data on proposed EK2 host-phage systems.
The Committee unanimously voted to accept the September 1976 report as
modified and corrected.

2. Suitability of DP50 and DP50supf as Hosts for » EK2 Vectors

Dr. Szybalski discussed the Working Group's report on the suitability of
DPS0 and DPS0supF as hosts for ) EK2 vectors {See II of Attachment II).

Dr. Curtiss stated that previously there had been little data to substan—
tiate the properties of DP50. He said that the data now is available,

and that Drs. Blattner and Smithies had responded in a satisfactory fashion
to all his objections.

3. Review of Data on AgtWES.AB

Dr. Szybalski summarized the Working Group's review of additional data on
the AgtWE‘S AB system of Leder et al. (See III of Attachment II). It is the
unanimous opinion of the Working Group that AgtWES.)\B together with propaga—
tion host stain DP50supF be certified as an EK2 host-vector system. The
Committee voted 13 to 0 to accept the Working Group's recommendation.

Dr. Curtiss abstained from the vote.

4. Review of Data on the Charon Systems

The Working Group's review of the Charon phage systems of Blattner et al

was summarized by Dr. Szybalski (See IV of Attachment II). The Working Group
recommended that Charon vectors 3A, 4A, and 316A (also known as 16A), together
with propagation hosts DP50 and DPSO_s_ug, should be certified as ER2 systems.
The Committee voted 12 to 0 to accept this recommendation. Drs. Curtiss and
Redford abstained.

The Working Group recommended that Charon vectors 31SA, 413A and 414A can not

be certified for use in EKZ systems at this time because of the lack of certain

data. The Committee unanimously passed a motion to defer consideration of

c1;h\ese vectors until additional data is submitted to it through the Working
roup.



5. Review of Data on gt vir Jam 27 Zam 718-3B*

Dr. Gottesman described the phage gt vir Jam 27 Zam 718-AB' constructed by
Sharp and Donoghue, and summarized the Working Group's review of the phage
(See V of Attachment II). The Working Group recommended that, subject to
receipt of specified additional data, the phage vector should be certified
as an EK2Z vector without a requirement for using a partially disarmed host
for propagation, It also recommended that the phage should be propagated
only in closed containers. The additional data were received and distributed
prior to the meeting. The Committee unanimously voted to recommend that
Agt vir Jam 27 Zam 718- XB' should be certified as an EK2 vector for use

in conjuction with E. coli K-12 hosts which do not carry known lambdeid
prophages or conjugative plasmids, and with the stipulation that the phage
is to be propagated in closed containers.

6. Reconsideration of AgtWES.AC

At its April 1976 meeting, the Committee reviewed data on an EK2 phage

system based on the AWES.AC vector of Leder et al. At that time the

Committee voted to accept AWES.AC as a vector in EK2 systems with certain

general restrictions on hosts which can be used. This was certified as

an EK2 system by the NIH on the basis of this recommendation. Concerns ,
subsequently were expressed that the Committee should consider requiring -
that this and certain other vectors to be used only in conjunction with

specific "safer hosts.” The Working Group reviewed *WES.AC in light of

this recommendation and made the following recommendations regarding the

use of AWES.AC (See VI of Attachment II):

"The overwhelming majority of clones already derived from AWES.AC
should be identical to those derived from /WES.)B and should be
treated in the same way. Therefore, regardiess of any decision

- about the future use of AWES.AC, we recommend:

1. DP50supF should be sent to all recipients of AWES.AC, so that
clones formed in AWES.AC as with AWES.'E will be propagated
in DP50supF.

2. That individual clones derived from +WES.)C be checked to confirm
the absence of the AC fragment.

3. As soon as AWES.AB and the other vectors recommended in this

report are certified, they should also be sent to all recipients
of AWES.AC."

These recommendations were discussed by the Committee., It was pointed

out that AWES.AC was the first EK2 system to be considered and that it

had not been reviewed by a Working Group prior to consideration by the

full Committee. Since that time the criteria for EK2 systems based on o
phage vectors have changed as a result of the deliberations of the phage



Working Group. The Camittee voted 14 to 0 to accept the three recommenda-
tions of the Working Group with the following added stipulations:

"Recomendation number 2 is modified to read: 'that all cliones derived
from AWES.AC be checked to confirm the absence of the AC fragment.’

AWES.)C should be decertified as an EK2 system for new cloning as soon
as AWES.)B has been certified.”

B. Consideration of Safer Host-Plasmid Systems Based on x1776 and pMB9Y,
pBR313 and pBR322.

Dr. Herbert Boyer of the University of California, San Francisco, and
Dr. Stanley Falkow of the University of Washington sulmitted data on
proposed ER2 host-vector systems based on E. coli K-12 strain x1776 and
plasmids pMB9, pBR313 and pBR322. The data were reviewed by an ad hoc
subcommittee composed of Drs. Adelberg, Kutter, Setlow, Spizizen and
Szybalski. Dr. Adelberg summarized the subcommittee's findings.

Dr. Curtiss presented data from his own laboratory on the transmissibility
of pMB9 out of x1776. Dr. Curtiss' data indicated that the pMB9 clonimg
vector is transferred out of x1776 at frequencies 1 to 3 logs lower than
the transmission of pSC101l fram x1776 and 4 to 5 logs lower than the
transmission of pCR1 from x1776. The latter already are certified EK2
host-vector systems. Dr. Curtiss concluded that pMB9 in conjunction with

X 1776 meets the requirements for an EK2 host-vector system, and provides an
additional margin of safety over the already approved ERK2 systems because of
its lower frequency of transmission. Dr. Kutter presented data on pBR313
and pBR322 which she had received from Dr. Falkow. '

The committee recammended by a vote of 13 to 0 that x1776 {pMB9) should be
certified as an EK2 host-vector system. Dr. Curtiss, whose laboratory was
involved in the construction of x1776, was absent from the room during the
final discussion and vote. .

The Committee voted on a motion that 41776 (pBR313) and x1776 (pBR322)
should be recamnended for EK2 certification on the basis of documentation

to be received in writing from Dr. Falkow, compared with the data presented
at this meeting and reviewed by the plaamid subcommittee. Ten members voted
in favor of the motion; two voted against and Drs. Curtiss and Szybalski
abstained. [ A Safer Host-Plasmid Working Group which was convened and

met in March 1977 recommended that consideration of the systems x1776
(pBR313) amd x1776 (pBR322) should be postponed pending the receipt of
additional data from Drs. Boyer and Palkow concerning mobilization and
transmission of these plasmids. The Commnittee will be asked to review these
systems when the additional data become available.]



C. Procedures for Certification

There was discussion of procedures for certification of EK2 systems. One
view was that the standing subcommittees should have authority to recommend
directly to the NIH the certification of all EK2 systems. Another view was
that this procedure should be used only in the case of submissions which
involve minor modifications of already approved EKZ systems. A third point
of view was that the full Committee must see all the data.

The Committee voted on a motion that the subcommittees be empowered to
recommend certification in those cases in which only minor modifications
bave been made in already certified ER2 systems, that the submissions be
sent simultaneously to the full Committee which may raise objections, and
that one negative vote of a Committee member would require formal
congideration by the full Committee. There were 7 members in favor of the
motion, 4 opposed and 3 abstentions.

VI. Biohazard Risk Assessment

A. Workshop

Dr. Rowe discussed the workshop which is being planned to evaluate the
postulated hazards of recombinant DNA experimentation. The workshop

will deal with areas such as the ecology of E. coli, genetic recombination,
the biology of plasmids and the pathogenicity of bacteria. Dr. Rowe said
that the workshop would have a number of workirng groups which would consider
the following areas:

- experiments to evaluate the biology of E. celi carrying non-viral
eukaryotic sequences

- the biology of E. coli carrying eukaryotic viral sequences

- the biology of inserted sequences {factors affecting translation,
etc.)

- the in vivo biology of E. coli R-12 and its plasmids
- design of experiments to assess the postulated hazards

- consideration of evolutionary arguments (is eukaryotic DNA
spontaneously taken up by prokaryotes?, etc.)

Dr. Rowe said that the workshop could make a number of potential contribu-
tions, including generation of a source book of data. Dr. Darnell stated
that there already is a body of information about E. coli K-12, and that
a group should be convened to prepare a document to bring together the
available data. He proposed that there should be a separate meeting of
enteric bioclogists and gastroenterologists to consider the biology of

E. coli. The question was raised as to whether representatives of
institutional biohazards committees should be invited to the workshop,

or whether they should have a separate meeting in parallel.



B. Polyoma Risk Assessment Experiment

The current status of the planning for the polyoma risk assessment
experiment of Drs. Rowe and Martin was sumarized by Dr. Rowe. He

said that, although they will proceed as far as they can with ER2
host-vector systems, a bile salts resistant organism will be needed

in order to colonize mice. Therefore, approval to proceed with the
experiments at the P4~EK1 level will be needed. The Committee voted

on a resolution to recommend that the experiments proposed by Dr. Rowe
be permitted, recognizing that they are not in accord with the Guidelines
ard that the Committee has authority to waive the Guidelines. There
were 10 votes for the motion, 1 against and 3 abstentions.

ViI. Review of Required Containment Levels

The Camnittee reviewed a number of requests for clarification of contairment
levels required by the Guidelines. The Committee recommended that cloning
the chorion genes of the silkmoth Antheraea polyphemus can be carried out
under P2-EK1 conditions provided that the INA is recovered under aseptic
conditions. The basis for this recommendation is that, although the stocks
have not been grown in the laboratory for ten generations, the organism is
not suspected of being an agricultural pest or disease carrier. It was
pointed out that it would require as many as ten years to generate completely
inbred stocks at this time.

VIII. Requests for Reduction in Contaimment on the Basis of Characterization
of Clones

The Committee by a vote of 14 to 0 approved a request of Dr. Thomas Maniatis
of the Cold Spring Harbor Laboratory to lower contairnment for a rabbit beta-
globin clone on the basis that the clone is rigorously characterized, free
of harmful genes and the biological properties of the vector have been main-
tained.

A number of requests submitted in a petition from Dr. Winston Salser of the
University of California, Los Angeles were reviewed. The Committee voted

13 to 0 to approve the reqguests with certain stipulations. Dr. Redford
abstained.

The Committee discussed a request from Dr. Douglas Brutlag of Stanford
University School of Medicine to reduce containmment levels for bacterial
plasmids containing Drosophila satellite INA from P2-EK1 to P1-EKl. Some
members of the Committee felt that exceptions to the Guidelines can not

be approved, and that the required containment for these experiments is
P2-EK]l. Other members felt that special consideration should be permissible
in reasonable situations. It was pointed out that the satellite DNA consists
of a simple well-defined sequence and that the potential risk of these
experiments is low. The Committee voted on a motion to deny the request



10

to reduce containment to P1-EK1 on the basis that these levels are
below those required by the Guidelines. Seven mevbers voted in favor
of the motion, 5 voted against and Drs. Hogness ard Redford abstained.

A request from Dr. Rebert Crouch of the Natiornal (nstitutes of Health to
lower containment levels for a characterized cluone af chicken ribosomal
DNA was reviewed. The Committee voted 13 to 0 to approve the request on
the basis that the clone isg rigorously characterized, free of harmful genes
and the biological properties of the vector have been maintained. Dr.
Redford abstained.

The Committee considered a petition by Dr. Frederick Blattner of the
University of Wisconsin to propagate certain characterized mouse globin
clones under P3 conditions using phage vector Charon 3A which was recommended
for ER2 certification at this meeting. The Committee voted 9 to 0 to approve
the request. Three members abstained because thev had not had adequate
opportunity to studv the request.

IX. Definition of Biological Containment

A. Responses to Boston Area Recombinant DNA Group Critigue

Dr. Adelberq reviewed the history of a "critique” of E. coli strain x1776
which had been prepared by the Boston Area Recombinant DNA Group in June
1976. The Director, NiH had requested a point by point response to this
document by the ad hoc host-plasmid working group prior to his certification
of ,1776(pSC101) and 4 1776(pCR1) as EK2 host-vector systems. Dr. Adelberq,
who was chairman of the working group, summarized his response and the
responses of Dvz, Davis, Palkow, Spizizen and Stocker to Dr. Fredrickson.
Although they aareed tnat 1776(pSCl01) and y1776{pCR1} meet the current
criteria for EK2 host-rector systems, there were sucgestions to improve the
definition of EKZ, such as requiring dependence of the plasmid on a specific
host. Dr. Szybalski suggested that gradations of EK2 could be defined which
would be assigned different levels of physical contzinment. The latter
could be reduced for improved EK2 systems. This would provide incentive for
the development of improved EK2 systems. However, some members felt that
such a system would make the Guidelines too complicsted. The opinion was
expressed that the hos--rplasmid working group might he able to accomplish
these a0als without 1~ i3ing the Tuidelines. Therr was also sentiment that
this proposal is premature, and that further subdivi:zion of containment
levels is not desirable at this time. The proposed |2lasmid working group
will take these issues under consideration. Drs. Adelberg, Setlow and
Spizizen will represent the full Committee on this working group.



B. Proposed Revision of Biological Containment Criteria

Dr. Adelberg discussed preliminary proposals for revision of the sections
of the Guidelines (III~4 to III-16) dealing with biological contaimment
criteria and procedures for testing and certification of EK2 and ER3 systems.
The Committee commented on the proposals and referred the document to the
host-plasmid working group which will make recommendations to the subcommittee
which will be appointed to propose revisions of the Guidelines for considera-
tion at the next meeting. During this discussion the question was raised

. as to whether proposed EK2 systems should require some animal testing.
Some members of the Committee felt that this proposal is against the original
spirit of EK2. This matter will be considered further by the host-plasmid
working group. The Committee passed a motion by a vote of 8 to 5 to request
the National Institute of Allergy and Infectious Oiseases to explore mechanisms
for providing ER2 rodent testing, when such tests are required.

X. Committee Procedures

The Committee unanimously passed a motion proposed by Dr. Redford that adequate
public notice and hearing be provided before adoption of changes in the Guide-
lines. Dr. Redford also proposed that Committee meetings should be announced
more widely. .

The Committee voted 12 to 0 on a motion to add a fifth responsibility to the
Camittee's functions as listed on page IV-6 of the Guidelines, as follows:

"and (v} recommending to the Director, NIH the approval of exceptions
to the Guidelines when such exceptions are, in their opinion, justified
by new information or new considerations.”

XI. Containment Levels for Experiments Involving Nuclear Polyhedrosis Viruses

Dr. Lois Miller of the University of Idaho made a presentation to the Committee
on nuclear polvhedrosis viruses (NPV). 5he stated that, although the viruses
are approved by the Environmental Protection Agency {(EPA) for commercial
dissemination in the enviromment as biological insecticides, the NIH Guidelines
would require P4-FEK2 or P3-EK3 conditions for generation of recombinants in

E. coli K-12. She summarized the safety tests required for EPA registration.
described the virus structure and cited information which could be expected

to be gained from her proposed experiments. She then described the experi-
ments, and proposed levels of containment for the conduct of these experiments.
Dr. Rowe expressed concern that much of the information being presented is not
published, and that some of the data are out of date. Dr. Day stated that
insect viruses are similar to plant viruses, and that perhaps they should not
have been included under animal viruses in the Guidelines. Dr. Hogness stated
that basically a variance is being requested for experiments with EPA approved
viruses.
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The Coammittee separately considered the proposed experiments and requested
containmment levels. In each case 13 members voted in favor of the motion
and one member abstained:

- Recombination of NPV DMA with E. coli host-vectors should be
permitted under P2-EK2 contaimment conditions.

- Recombination of different registered NPVs with the intent
of producing hybrid virus should be permitted under P2 con-
ditions.

~ The use of NPV DNA as a vector for recombinant DMNA in plant
insects should be permitted under P2 conditions.

[{These recommendations have been construed to constitute a change in the
Guidelines and must be approved by the Director, NI !

Dr. Rowe said that inclusion of insect host-vector systems will be considered
in revision of the Guidelines.

XIT. Defipition of Recombinant DA T

The Committee briefly considered the need to clarify the meaning of the phrase
"different segments of DNA" in the definition of recombinant DNA in the
Guidelines. The Cummittee by a vote of 13 to 0 passed a motion that experi-
ments involving the cutting and religating of purified viral DNA are not
subject to the Guidelines. The Committee by a vote of 13 to 0 passed another
motion that the cutting and religating of a homogenecus DNA preparation is
not subject to the Guidelines.

The definition of “recombinant DNA" will be considere by the subcommittee
to be appointed to revise the Guidelines.

XITI. Exchange of Genetic Information and Expression ir. Prokaryotes

Dr. Helinski presented a report on gene exchange between distally related
prokaryotes (Attachment IV). It has been pointed out that there appears
to be a discrepancy between the P2-EK1 containment levels required for
the cloning of DNA from lower eukaryotic organisms and the P3-EKl or
P2-EK2 levels required for cloning DNA from prokaryotes that do not
exchange genetic information with E. coli. Dr. Helinski said that these
levels were selected on an assessment of the probability of expression

of the genes in E, coli. He said that evidence is acciumulating that

a large barrier to gene exchange among prokaryotes does not exist.

Dr. Hogness said consideration should be given to lowering the containment
levels for non-pathogenic prokaryotes that do not exchange genetic
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information with E. coli to P2-EKl. Dr. Rowe stated that P2-EKl
probably is not high enough containment because prokaryotic genes are
likely to be expressed in E. coli. Dr. Curtiss said that he could not
agree or disagree with the arguments because more data are needed, and
that information should be solicited from experts in microbial ecology,
plant pathology, etc. on the extent of gene exchange in nature. The
Committee voted 7 to 2 with 2 abstentions to consider at its next
meeting reducing the contaimment levels for cloning DNA from all non-
pathogenic prokaryotes (whether or not they exchange genetic information)
into E. coli to P2-EKl.

The Committee was told that there is evidence from 4 laboratories that
there is exchange of genetic information from E. coli to B. subtilis
and vice versa. Therefore, it would appear appropriate to treat B.
subtilis as a prokaryote that exchanges genetic information with E.
coli. The Committee by a vote of 11 to 1 passed a motion that the
cloning of B. subtilis DNA in E. coli should be allowed under P2-EK1
conditions on the basis of preliminary information that B. subtilis
exchanges genetic information with E. coli. On accumulation of further
data these experiments will fit into the c: category of "exchangers."

XIV. Consideration of Correspondence
The Committee considered a number of items of correspondence referred to

it by the executive secretary. A number of these letters were referred
to the subcommittee for revision of the Guidelines.

XV. Subcommittee on Revision of the Guidelines

The Chairman appointed a subcommittee coposed of Drs. Littlefield (chairman),
Barkley, Gottesman, Helinski, Rowe, and Walters to propose revisions of the
Guidelines for consideration at the next meeting.

XVI. Next Meeting Dates

The Comnittee selected the dates of May 14-15, 1977 and August 29-30, 1977
for the next two meetings.



XVII. Adjournment

14

The meeting was adijourned at 5 p.m., January 1. 1977.
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Date

Respectfull :ulmitted,

William J. Gaftland, Jr., Ph.D.
Executive Secretary

I hereby certify that, to the best of
of my knowledge, the foregoing Minutes
and attachments are accurate and complete.

T

£, - Dewitt Stetten, Jr., M.D., Ph.D.

Chairman, Recombinant DNA Molecule
Program Advisory Committee
National Institutes of Health
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ATTACHMENT I1

—~—
PEPORT TO THE RECOMBIMANT ADYISCRY COMMITTLE
FROH THE WORKING GROUP ON SAFER HMOSTS AND VECTORS:
LAMBDA PHAGE SYSTZMS
The meating of December 13, 1976, was convened at 9 A.M. in Conference
Room No. 114 of Bua}dang ), N.I.H,
Opening remarks were made by Drs. D. Stetten and W. Gartland.
Items on the Agenda were as follows:
1. Consideratioﬁ of the September 12, 1976 report of the working group
on safer hosts and vectors.
I11. Discussion of suitability of DP50 as a host In EK2 systems.
I11. Consideration of the AgtlES*2B vector-host system of lLeder et al.
IV. Consideration of the Charon vector-host systems of Blattner et al
V. Consideration of the AgtZJvir-2B' system of Donaghue and Sharp.
— . VI. Reconsideration of the AgtWES-JC system of Leder et al.
VII. Other business.
The meeting was chairad by Dr. W. Szybaliski with exception of item IV
chaired by Dr. A. Campbeill. The other Working Group members were Ors. D,
Botstein, 5. Gottesman and A. Skalka.
I. Consideration of September 12, 1976 Report
Corrections were made on the report of the last meeting and the corrected
version is attached.
II. Discussion of suitability of DPS0 and DPS0OsuoF as hosts for ) EK2 vectors.
The subject was introduced by Dr. Susan Gottesman and the following
comments represent the unanimous opinicon of the Working Group:
It was first suggested during the June, 1976 meeting of the Working
Group on Safer Host-Phage Systems that genes cloned in lambda vectors could
be more effectively containad by using a partially disarmed host for the
propagation of these vectors. Thls concept was supported by the Working
Group which met on September 12, 1976. Use of partially disarred hosts for
propagation would dacrease the survival of any plasmid- or prophage-carrying
host.
t A DP50 host ( fX!SSS, Isolated by Pereira and Curtiss) has been proposed
* by Blattner et al. for use with their Charon vectors as an appropriately dis-

armed host, with supporting relevant data. Drs. Curtiss and Percira have
submitted additional data on the strain and lts behavior in rat feeding
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Concern No. 4: Use of a recA host for transfection and propazation.

Response: This suggestion should certainty be taken Inte account in the
future censtruction of some disabled hosts, but we see no rcason to require a
recA mutation in all such hosts. Tests have been done with the proposed
vectors in :oc hosts in the presence of limited homology between phage and

host, and the | frequancies of stable assocaatlon fell within the timits required

for certification of these EK2 systems. Furthersore, some of the safety
features in the currently proposed vectors prevent growth in recA”™ hosts.

Responses to the concerns raised in the Hovember 9, 1976 letter of Curtis
and Pereira, foilcws:

Concern Ho. 1: Superiority of supF derivative of DPS0.

Response: The high phage yields obtained by growth In DP50 suggest that
suppression of the amber mutations is not severely limiting for.growth. The
supf derivative could be recommended as a preferred (but not required) host
for the EX2 systems.

Concern No. 2: Necessity for a disarmed suppressor-free host.

Response: Such a host could be useful in testing lambda vectors after
cloning. Howevar, since & testing host would be used for a single plague
assay of some appraopriate dilution of the lysate containing clon2s, and would
not be used for large-scale propagation, » strain such as E. coli € (suggested
by Smithies et 21.) Is adequate.

SUHHARY

We agree with Drs. Curtiss and Pereira's basic point, that one should

have data on the particular strain to be used in an EK?2 syster. Huch of the

necessary data is contained in Supplement IV of Smithies et al. Many of the
comments on the complexity of the dap locus, although interesting, are not
hecessarily germane, Far evaluation on of a vector host, we need only to know
what survival to expect of tha strain undar relevant conditions; we need not
upnderstand the reasons for the survival, There are a number of suggestions
in the Curtiss-Pereira letter for improvements which might be made in the
disarmed host. Since clones will be stored in phage lystes, it is a trivial
matter to substitute an improved host whenever one becomes available. There-
fore, we can confidently recommend the approval of strains which clearly meet
our requirements, without in any way barring the introduction of future
improverents.

We are cognizant of the tire and effort which have been spent in meeting
the somewhat fluid requests of the Working Group on phage EK2 systems. It is
our feeling that the result of much discussion and many hours of work has
been the construction of phage EX2 systems which clearly reet both the letter
and the spirit of the NIH Guideiines.

r
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ITE. Con @Fercnt o pldirdongl s e o e s i ey
Leder r’ A e N I PR PR IR e
Ao (Soe Tiae b, teut B dn dota suboie Co3n, 1976).
. . . Yoo . ..
The "Yield oF T THEISTEA A T S A Courne st baavy, and thus

meets the require  lavel of “no less than 17074

Bl. "Prebabiiity of persistent asvocioti ith the host used for
propagation...".

The data presented as the result of those te.ts {lass than 10 7 persisten
associations cor cutpur fragrment-containing Lo i, using the radel recoobinen
excend the required Timits of 1079 (uee Test 0 vuitted hov, 20, 13700,

The preferrcd re-hod of construztion of a rodel rocorbinont okould ir sl e in
vitro insertion of a selectable marker. Alth-oueh i1 thie case that procedors
was not followed, the known cowmon ancestry Lot n the iadel reco: Sincrss ond
the vector phage (Enquist et al., 19706, Hature 7 054-000) <uffice to

the result acceprable. T '

C2(a) "Persistence of the fragnent in o a*r-'crmigcive Josarsitiun
heterdicwune lysogen.' (See data in Test C20.) . ° reoules stbnitsed on Oct.

29, 1976).

-

The test was desioned to expose the '“or't phﬂ;ib]C“ case
condition specified (32°C), the result of 1.Ex30" ic not sicnifica
from that required. lUndar another condition :%"cl the resclt of
is over 1000-fcld 1oer thon required. There!-rv, the Vorking Group ¢ LJzrs
these results accontoble,

+
*

et
- TS .

€2(b). "Prohabi’ity that marker rescue LTl
(See Test C2(b) in data submitted on October 27,

h . . k
The results of 1.1-4.6x10 for the right-u-m fisarmarent ard ©.7x10° for
the Yeft-arm disarmarent are not significantly divferent tnr suired.

RECOMMENDATICH :

The Working Group recommended at its meetinr Septe e . _.2, that
AWES-AB together with a suitable host for proc:: - o) be o “Lotor ocerti-

fication as an £ vacror svstem, subject to r:i:2 w1 ang o1 orc.. : specifiad
data. As indicated above, these data hove Lein v - ived and czurow

Thercefore, it is the wnenitous oninior of the o roof the Verkine Crown
that 2WES-JB togo ler vish the propagotiaon hoot e LPSOsup? be certiiied

as an EXZ vectar oy e,

IV. Considerazion ﬁf uLfILIOﬂﬂ] data on Charo- »oyector—hrst sutrpeg
- e T T SotTTYs T T TN AT T T T
supnlicd by Blovtrer '1 al, as requestod in ot coveruer b, 0l 0 rerart,

(1} Charon 3A and LA:

C2{b). "Probability that marker roscue wil! - oate safety features. ..
(Sce Supplcient II by lattner et al, far date ¢ 0 wirkers to the right of

the cloned segment aad Supplements LI and ILI for ¢ara for markers to the
left.)



In the cvaluat101 of rescue of markers to the left, use of the phage
ABJiai 3t et Al 21020 LD 2 (CH5), which centains cerfect left-arn he-ology
viith tha vector, con JETTL.es a more strirgent test than specified, and use of
the ABJJttuObbt/:r*’lOP/QSRBO (ih80irmm21 or irm21Signer) phags, which contains
imperfcct hormology in “the ~-11 region n (see Fiandt et al, "The Bacteriophage
l.ambda'', 1971, Fig. 1, p. T3%), a less stringent Test tHan specified. The
phage spacified by the Working Group, which Blattner et al. rightly point out
does not presently exist, would be expected to give a value interradiate
between the two and thus within the limit set by the Working Group.

The values of 4 to 6310-5 for rescue of markers to the right of the
Ycloned fragment' are lower than the specified 10*% for total rearning. This
result alone is, therefore, adequate to satisfy the eriterion of safery as
stipulated in the test.

(2) Charon 316A

t2(a). '"Persistent association in a non-psraissive heteroimmune lysocen...''.
(See Table I of “Additional Data,.. by Blattner, Williams and Kiefer' received
by the Vorking Group on Decerber 13, 1976). :
-5

This value of 5.4x10 ” is lower than the IO-k requestec.

c2(b). 'Marker rescue experiments''. {See Téble 11 of "Additiconal

Data..." received by the Vorking Group on December 13, 1976.)

Results for this test (l.2x|0~h for recovery of markers to the right)
are not significantly different from the 10~k required for total rearning as
stated in the test and, therefore, just pass for certiflcation.

RECOMMENDATTION:

Charon 3A, bA and 316A

At fts previous meeting on September 12, 1976, the Working Group recomrendad
that vectors Charon 3A, 4A and 316A together with & switable host for propagation,
be certified subject to receipt and approval of data specified. Data for the
host (see II of this report) and for vectors Charcn 3A, 4A and 316A have beean
received and approved and it is tne unanimous opinion of the Working Group
that these three vector phages, together with the DP50 and DP50supF propagating
hosts should be certified as EK2 vector phage systems.

Charon 3154, 413A and 414A

Additional data requested on September 12, 1976 for vector Charon 413A and 414A
were not received.

Charon 315A cannot be certified at this time because no tests have becn
done with an appropriate "model recombinant''. Charon 31CA does not serve as a
“model recombinant'' for 315A because it just barely passed the test (see
€2(b) above). The fact that there is more homology between the cloned secrent
and the irmunity marker in 315A as corpared to 316A swggests that 315A night
fail. The Vorking Group sugcusts that the uncertainty could e resolved by
construction and testing of an appropriate mode) recombinant or by dircct
measuranent of the frequency of total rearming,



V. Cc
class

¢

onsideration of tha annlicatinn by PA, S Lad DS, Donoghue for
iiicstian o st

LAt as oan tad vecion

This application was considared by the Varking (roup completely within

the context of the 'standardizec' Vaboratory tests sutlined in the September

12, 1

976 report. The: rain point of departure fo- tiis vector candidate, as

compared with those previously ronsidered, is that +t“is vector phage must bo
propagated by raking plate lysases. Thereforz, =k ~atire serics of tests

were
meets
strai

adapted to the une of this radium.  The resul: show that this phage
the requirad lTevel in all tests performed ard with ordinary laboratory
ns of E. coli K-12. One test (C2{a)), "survival of fragrent-transferring

capacity in a non-permissive host' was performad incarrectly in that a hetercimmune
lysogen was not used. This probably resulted from ambiguity in the original

wordi
Item

line,
requi

ng dascribing our test, which has been clarificd at this meeting (see
I). Pesults with a parmissive heteroimmune lyicgen (see Table 2, tast
on p. 10 of the Application} suggest that the vector might pass the
red test.

RECOMMENDATION :

of ad

It is the unanirous opinion of the Working Group that, subject to receipt
ditional data for item C2{2), this vector pheaz chou!d te certified as

an EK2 vector without requirerent for a partially dizarmed heost for propagation

The additional data may be apprnavad by one of us (4.3.), such approval to be T
transmitted to Dr. V. Gartland., The Working Grous “scoenizes the fact that
propagation of phage n Fetri dishes constitutas a 1 wsizle safety hazard.

This

recommend that this shoule be 5.2

sha
preblem i5 easily circumvz-zod by the use of @ opriate flasks. Ve
i fied when tha wveoror is distributed.

VI. Reconsideration of the Jat''7$.-2C system of leder ot al.
AVES-iB, uhuch the orking Group recommends T cortification, was

derived from AWES-A( b, simple in vm*ro 5UOSt!tbh}. w  the inert "2i8" fragment
for the "ACY fragrent. The outer cloning'’ arms < ‘il DA of these phages
are identical and ''‘roc.! recombinants' derived f{reo trerwoyld be expected to
perform ideatically 0 our standardized tests. oo ow, the "C' fragment
which is present in unfiractionated AWIS-AC DNA cent:ine phage genes which
promote general reccrbination { -d) and prophage f)r“atscn (att and int),
neither of which should bhe incoe _r&tcd into reco virant clanes grown on ardinary
laboratory hosts. It was appre‘:nLlon of this fac: ¢ ot proroted certain
restrictions on the une of IVES. D a5 an £#2 wez! - - the tice when it was
certified., These restvictions .ncluded a stipuloti: + that the outer arms
must be Ypurified” awa, from the AC fragment before ey could be wsed for in
vitro recombination ex eriments. Thus, use of thi. .« tor required what we
viculd consider biochanical and !;iigui srocedurss 1 achieve "ERZ-level"
biological containe=nt. ~lthoush this is consistent with the notion Intro-
duced in the "Guidelines' that use of DWAs which are 'nriched (99%) and frec .

of "harmful genes' may be decrcased one step in eithor physical or biological
containment, the Workinrg Group is uncertain whether =valuat|0n of systems
which involve such ca-“inations of biolsgical with -iv.ical or biochemical
containmens falls witinin the responsibilities of thi: oriking Group.



It is our understanding that our responsibility 15 to evaluate the
efficacy of genetic fcatures intrinsic to the host-phage systems and indepandent
of other operations. In this strict dzfinition of biological containrent,
for certification of £XZ vectors, we have not considered the use of other
procedures such as the biochemical and physical steps mentionad above or
chemical treatment, such as in the use of chloroform, which increases the
containrent by a factor of 108 or hicher. The difficulty that we perceive
with AVES-JC, as compared with AWES-/8 derived clones, is the possibility of
formation of a small proportion of in vitro recomblnants carrying the iC
fragment as well as the cloned segrent as a result of the possible 1% con~
tamination of the preparation of outer arms. We hava no data on the pro-
portion of such recombinants in a typical experiment or their behavior in
our EK2 tests (developed subsequent to the certification of AWES-iC). On the
other hand, we can see some convenience and potential safety advantage to
2WES-2C over AJES*B in that 2WES-iC can be grown {before cloning) by induction
of lysogens, thereby redUCthHEFQ possible selective advantage for revertants.
These considerations in the absence of data led to disagreement within the
Working Group on whether AWES-iC should be recommended for recertification or
decertification. Howaver, it is our consensus, In anticipation of the avail-
ability of nurerous vectors which do pass all the standard EK2 tests, that the
use of AWES-2C for the formation of new clones should be discouraged.

The overwhelming majority of clones already derived from JWES-2C should
be identical to those derived from ZWES-7iB and should be treated in the same
way. Therefore, regardless of any decision about the future use of WES-AC,
we recormend:

1. DP50supF should be sent to all recipients of AWES-AC, so that clones
formed in AWES-AC as with AMES-AB will be propagated only in DP50supF.

2. That individual‘clones derived from AYES:2C be checked to confirm
the absence of the AC fragment.

3. As soon as J\ES-iB and the other vectors recormended in this report
are certified, they should also be sent to all recipients of ZWES.iC.

Vii. Other Business.

{1) The members of this Working Group were asked if they would be willing
to continue to serve as ‘'advisors'. All agreed and another rmeeting will be
scheduled for the beginning of 1977. Items to be discussed in upcoming
meetings would include:

{a) Discussion of ""Proposal for a policy on modifications generally
regarded as safe {(GRAS)" by Blattner et al,

{b) Ordering of priorities for production and distribution of EK2
vectors for Dr. Nutter.

(¢} Consideration of poss|ble tests for phage vectors carrying
“foreign DHA.



{d) Coasideraticn of applicability of any i viva tests for EX2
of phage vectors.

{e)} Advice regarding EK3 tests.

(f) How can thzre be a closer working relationship between the
phage and plasmid worliing g-oups?

Respectfully submitted,

Waclaw Szybalski, Chairman
Ann Skaika, Secrctiary

certification

e



ATTACHMENT III

REPORI' TO THE REQOMBINANT ADVISORY ccmrrreel/

FROM 2 WORKING GRZUP O SAFER HOsTS AWD VECTORS:
LAMBDA PHASE SYSTENS

The.meeting of September 12, 1976, was conven=d at 12 nocn in
Conference Room 9, Building 31C of the NIi. Items on the Agendc were
as follows: i
I. Desién of “standardized” laboratory tests for ER2 certification.
TI. Hodifications in the definition of EX2 phaje vectors.
III. Considerztion of two applications for EK2 certificaticn of )
phage vectors.

IV. Other business.

I. Standardized Lzoboratory Tests for EX2 Certification.

Based, in part, on the written suggestions of various members of the
Working Group, four criteria were pro?osed to embody the essential require-
ments for certification. These criteria were approved unanimously by the
Working Group to be recommended for adoption by the Advisory Cemmittee in

‘certification of A EK2 vector systems.

A. Yield of Vector Phage

The yield of vector thaje (+ or - a model cloned fragment) oropazated

under laboratory conditions should ke no less than 1010/ml of uncorcentrated

crude lysate.

Y as rcevisced and corrected by the Working Group on December 13, 1976.



B. The probability that a fragment clonod on the vecter will form

a persistent asscciation with the permissive host used for its propagation

and that this complex will then survive for 24 hours outside the laboratory

should bz less thzn-108. fhis probability is calculated as the product of
(1) and (2) bolow. |

(1) Rumber of fragment-containing surviving bacteria per
output fragment-containing phage in the lysate,

{(2) Survival of bacteria after 24 hours under non-permissive
test conditions as determined in a separate experiment

carried out in the absence of phage.

Comments on:

(1) This fraction should be measured both @t the time of lysis and

at -24 hours after lysis with the culture maintained under optimal growing
conditions. The denominator in both ¢ases is the titer of phage at the

time of lysis. The number of fragment-conta:ning bacteria should be

measured in an apuropriate manner with justification by reconstitution
experiments. The test at 24 hours is intendrd to represent a worst possible
case, which should not normally arise. The recuirement for a 24~hour test
applies only to the wost used for propagation, but not necessarily to the

host used in proceduses at the scale of indiv:iaal plagues.

As an exarple, such a test might measure the number of gal' bacteria
formed after infection of permissive host bacteria (lacking the gal base

sequence homology with the cloned fragment) with a phage vector contairing



a gg;f (mocdel cloned DNA) fragment. Demonstration that authentic 9§l+
colonies could be detected at .the freauency measured in the test would

constitute appropriate justification.

{2) The Working Group does not wish to specify at this time non-

permissive conditions that must be met in this test for all cases.

The two tests suggested in current applications: “survival in raw
sewage” and "survival in tap water," though useful, refer to survival in
nature and are therefore more appropriately considered in the context of

FK3 certifications.

For the present, the safety factor characteristic of any particular
host can be considered independently for each application. An example
of the application of this principle is the host for a current A EK2
candidate, which in case of culturelovergrowth for 24 hours may reach
a level of persistent association of ?bout 10"% associations per
fragment-containing veétor. Thus, broduction of fragments with these
vectors should be limited to hosts offering a factor of safety of at
least 1072, A minimal test for any proposed partially disabled host,
however, will include a measure of the reversion frequencies for each of

the relevant mutations.

Although killing by chloroform decreases the probability of survival

of any clone-containing bacteria by many orders of magnitude, this factor



is not included in calculating the degree of biological containment

measured in this test,

C. The frequency of survival of fragment-transferring capacity

of a vector phage carrying a model fracment should be less than 10-8

in the tests specified below.

It is understood that this value {as in B) should represent the

product of the following probabilities:

(1) The probability that the phaue will survive until it meets

a sensitive hogst. e

(2) The probability that (a) the fragment will persicst in a
non-permissive A-sensitive heteroimmune lysogen or (b) that the

fragment-containing vector phage will acquire genetic material from

a related prophage that will serve to negate the safety features of

the vector. J
Camments:

Data available for wild-type X susgest that (1) is less than 10-3.
Theoretically then, the value for (2) must be 10-5 or less. Nevertheless,
the Working Group considers it essential that there be scme experimental
estimation of the "worst possible case.” We can very conservatively

estimate that the worst possible case {specified below) will actually . 3¢

in less than one of ten (10-1 ) A-sensitive strains encountered in nature.



This brings the required value for test (2) to 107*. we therefore
recommend that the following "worst-case” tests be included and show:

(a) The number of fragment?containing bacteria per adsorbed input
fragment-containing phage should be less than 104 and

(b) The number of fragment-containing rearmed (wild-type) phagé
per adsorbed input fragment-containing phage should be less than 10-4.
Values of less téan 1073 for each of two geretic safety features one
locafed to the left of the cloned fragment and the other to the right,

are also acceptable.

It is understood that the host in this worst possible case should be
a non-permissive lysogen bearing a heteroimmne prophage which has base-

sequence homology with the input phage and a compatible late gene regulatory
system.

D. The product of reversion frequencies of "disarming" mutations

4

should be less than 10 -8,

Comment :

This test should be done in a nen-permissive, non-lysogenic bacteria.
Separate determination of the reversion frequencies of individual mutations
should be made wherever possible and the product of these should be less
than 10-8. Restriction-modification barriers should not be included in

this test.



II. Modificaticns in the definition of E¥Z rloje vectors.
The Working Group recomrends specifically that: Lysogens of any EK2
vector carrying a <loned fragment formed in vitro should be considered as

EK]l systems.

II11. Two applications were considered. Although it was recognized that
the data provided were accumilated before the specific tests outlined
in I were available, they were discussed anc inalyzed in the context of

these ncw parameters.,

Blattner et al. Arplication

Re: Vectors Charon 3A and 4A

{a) With respect to the nhages themoelver, data were presented or
provided which could reasonc~ly be considerod =0 meet the tests specified
in I, with one exception rel:nting to Item C(2ib, i.e., rearming of the
fragment-containing vector by acquisifion of genetic material from the
prophage of a non-vermissive lysogen. Since @5 this case two types of
"disarmanent" are ¢mployed (with the less of ~ither rendering the vector
“unsafe") each must be inder-nd-ntly tested ani each must pass the 43073

safety level.

Specifically after infeocion of the E. coii nlac(AnBah80att80inmm2105R40)

host the number of lact-contzining amber® phasze per input lact Charon phage
should be less than 10°3. The assays should te performed after the time of

lysis normally chuerved for :iid-type A and without addition of chloroform.



(b) With respect to Item B(2) it is the estimation of the Working
Group that the host, DP50, provides a safety factor equivalent to at least

107%

when used for propagation of the vector which carries a cloned frag-
ment. Thus, the requirement stipulated in Item B, even in conditions of
overgrowth (test B(l) after 24 hours) where a safety factor of 107°

was obtained, are satisfied when this host is used for propagation,

Re: Vectors Charon 316A, 414A
Data for tests analogous to Item C aré'not available.
Re: Vectors Charon 3157, 413A

Data for test analdgbus to Items B(1l) and C are not available.

Recommendation

El

Tﬁe Working Group recommends: (1) That Charon 3A and 4A be certified
subject_to receipt and approval of data specified for test of Item C(2)b,
as outlined above. This épproval may'be obtained by ballot of the sub-
cdnmittee through the mail; (2) That Charon 316A and 414A be certified
subject to receipt and approval of data specified in Item C, with approval
by ballot through the mail; (3) That Charon 315A and 413A not be certified

at this time because of insufficient data.

Leder et al. Application

Re: Vector AWES,\B



Data were presented which werv considered to meet the criteria out-
lined for tests A and D. Indicative data for tests B and C have been

| presented but complete data for tests B(1) and C are required.

. Specifically for B(1): After infection of the permissive host by
the model gal* vector phage, the product (1) x (2) should be less than 1.
where:

(1)u;7number of gg}f bacteria per output 3§£f phage.

{2} = surviving fraction of hcst after 24 hours.

A DP30supl’ host derived from that used by Blattner et al. may be
assigned the same 1074 safety factor allowance in B(2) as DP50 itséli_rl

No safety factor for large-scale phage propagation is assigned to the

803-8 strain they describe.

The data submitted for the BC3-3 ritrain justify its use in trans-

fection experiments leading to the fcrmation of single plague clones.
;

Specifically for C(2)a:

The host should be a gggo galt orc lysogenic for the heteroimmune

i lambdoid phage with base sequences et v~d from A,
R [ a
Infection should be made at 30 C arnd at 37 C.

| Specifically for C{Z)b:

: 1 The host should be a EEE; lambdoid lysogen.

—_—— st s - =t ——



The number of W'E* gal* phage per input gal-vector should be less

than 10-3.

The number of gal* s* phage per input gal-vector should be less than

10°3,

Recommendation

The Working Group recommends tﬁat AWES.AB be approved for certification
subject to receipt and approval of data specified above for tests B, C{2)a

and C(2)b, This approval may be by mail ballot by the subcommittee.



ATTACHMENT TV

GENE EXCHANGE BETWEEN DISTALLY RELATED PROKARYOTES
D. Helinski

One of the major classifications of the so-called "eubacteria" is the division
of these bacteria into a Gram-positive and a Gram-negative group on the basis
of the reaction of a bacterial species to the Gram stain. The separation of
bacteria into Gram-positive and Gram-negative groups has a structural basis,
The cell wall of gram—positive bacteria consists of a relatively thick layer
of covalently-bonded polyssacharide and polypeptide material (the so-called
peptidoglycan layer) that provides structural rigidity to the cell. The
Gram-negative bacteria as a group, however, have a much thinner peptidoglycan
layer and, in addition, possess a relatively thick outer membrane layer that
is rich in phospholipid and lipoprotein material.

The transfer of genes between bacteria occurs by transduction (bacterial
virus-mediated gene transfer), transformation (uptake of "bare'" DNA by a
‘bacterial cell) and conjugation (plasmid-mediated transfer of genes between
bacteria that requires cell to cell contact). A reasonable generalization is
that virtually all closely related species of bacteria can exchange genes by
transduction (inter-species transfer by this process is limited by the rela-
tively narrow host-range of transducing bacteriophage) and transformation
(l1imited between species by [a] the requirement for homology of DNA for most
recombination events, excluding transposition events involving insertion
elements, [b] the restriction-modification system of a cell when presenmt, and
[c] the narrow host-range for maintenance of many plasmid elements). Conjugal
mating with the subsequent exchange of DNA can oecur between virtually all
Gram-negative bacteria (including both naturally-ccemring soil and intestinal
‘bacteria) when mediated by & broad-host range plasmid (for example, the P-group
plasmids). In the past few years, conjugal mating also has been shown to occur
between strains of certain Gram-positive Streptococeus species (for example,
Streptococcus faecalis). To date, however, conjugal mating has not been
demonstrated convincingly between any Gram-negative bacterial specles and a
Gram-positive bacterial species.

In addition to certaln barriers that appear to be present and act under certain
circumstances to prevent the introduction and establishment of DNA from any
bacterjial species into any other bacterial species, once DNA is established in
a cell it may not be expressed as a result of specificity requirements for

the initiation and termination of messenger RNA synthesis and the specificity
requirements of ribosome binding, initiation and termination in the case of
protein synthesis. Several reports have provided evidence for different
specificities for the translation of natural messengers by ribosomes from
different specles of bacteria. In one report, ribosomes from Escherichia coli
and Pseudomonas fluorescens, two Gram-negative bacteria, translated messenger
BNA preparations from all bacteria tested (three Gram-negative species and

six Gram-positive species) ag well as £2 RNA and T4 early messenger RNA. (M.
Stallcup, W. Sharrock, and J. Rabinowitz. Biochem. Biophys. Res. Comm. §58:

92, 1974). 1In the same report, ribosomes from Clogtridium pasteuriarum,
Streptococeus faecalis and Bacillus subtilis, three Gram-positive organisms,
did not translate messenger RNA preparastions derived from any of the Gram-
negative organisma, the f2 RNA or the T4 early messenger RNA, but did translate
messenger preparations from all six Gram-positive bacterial species tested.

The ability of ribosomes from E. coli to translate messenger RNA preparations



from Gram-—positive species of bacteria is conslstent with the report of Chang
and Cohen (Proc. Nat. Acac. Sci. USA 71:1030, 1%74. .o demonstrated the
expression in E. coli of genetic information carrie. h»y DNA of Staphylococcus
aureus. In this report, genes carried by fragments :f Staphylococeus aureus
DNA, generated by EcoRIl digestion, were covalently {:ined to plasmid pSCLl01
and the resulting plasmid hybrids were established in E. colZ by transformatiom.
The hybrid plasmid specified a resistance to penicillin that was genetically
.determined by the S. gurews plasmid DNA. It should be noted that in this same
experiment these investigators were unable to isolate penicillin-resistant
transformants of E. col? when the intact Staphylococous plasmid DNA was used
to carry out the transformation.

Expression of the Bacillus subtilie genes, thymidylate synthetase, (S. Fhrlich,
H. Bursztyn-Pettegrew, 1. Stroynowski and J. Lederberg. Proc. Nat. Acad. Sci.
USA 73:4145, 1976; C. Duncan, G. Wilson, and ¥. Young. Gene, in press) and
the leucine operon gene iscpropylmalate synthetase (K. Sakaguchi, personal
communication) in E. c0l7 when cloned om E. coli plasmids also has been demon-
strated. 1In the case of thymidylate synthetase, this 5. gubtilis gene was
cloned on plasmids pSC10l and pMBY. The B. subtilic thymidylate synthetase
gene cloned in E. coli retained its ability to transform thymine-requiring B.
subtilis strains. The transformations of thymine-requiring B. subtilis were
carried out with the Z. coli hybrid plasmids carrying the B, subtilie thymi-
dylate synthetase gene. The successful transformants upon analysis appeared
to be free of E. coli plasmid DNA (Ehrlich.et al.}) In one of these reports
(Duncan et al.), it was estimated that the Bacillus subtilis thymidylate
synthetase gene was expressed in the E. coli cell at rhe same level as that
found for the B. swbtilis cell. Similarly, the isopropylmalate synthetase
gene of Bacillus subtilisc cloned on the E. coli plasmid RSF2124 in E. colz

was found to be expressed in E. coli (K. Sakaguchi, perszconal communication).

In what must be considered as an important new development, recent work
involving the transformation of Bacillus subtilis with antibiotic resistance
plasmids purified from the distally related Staphylococcus aureus has indicated
the maintenance of certain of the S. qureus plasmids im B, eubtilis (S. Ehrlich,
personal communication). It should also be noted that a recent report (I.
Domaradskii, T. Levadnaia, B. Sitnikov and A, Rassadin. Doklady Akademii Z£26:
1443, 1976) describes the successful transformation of the Gram-positive
Bactllus subtilisc with purified R plaswid DNA from £. =0l7 (F. Young, persomnal
comminication)., It is clear that, given the importance of this observatiom
with respect to containment levels for experiments invslving recombinant DNA
formation between Gram-positive and Gram-negative bacteria that more extensive
work should be carried out to critically evaluate the ability of certain
plasmid elements to be maintained in both Gram—positive and Gram-negative
bacteria. Until this is done the issue of plasmid-mediated exchange of genes
between Gram-positive and Gram-negative bacteria will remain an open question.

DRH:egn
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